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Pathology of fetal congenital nephrosis: Immunohistochemical and
ultrastructural studies. The kidneys of four human fetuses aged 18 to 20
weeks of gestation with congenital nephrosis of the Finnish type (CNF)
were studied by immunohistochemistry and electron microscopy to
elucidate the pathogenesis of the disease. The immunohistochemical
stainings for laminin, type IV collagen, fibronectin, brushborder anti-
gens (BBA), Tamm-Horsfall protein (TH), and binding of wheat germ
agglutinin (WGA) did not reveal changes as compared to the age-
matched control kidneys. Proximal tubules of the CNF kidneys showed
excessive accumulation of coarse granular alpha fetoprotein (AFP) and
large absorption droplets with paracrystalline and membraneous struc-
tures were seen in electron microscopy. The dilated tubules were both
of proximal and distal origin as judged from the BBA and TH stainings.
It is suggested that the formation of the dilated tubules results from
degeneration caused by obstruction and excessive protein loading of the
tubular epithelium. Demonstration of the coarse granular AFP in the
proximal tubular epithelium and lumina indicates heavy fetal protein-
una and serves as an additional diagnostic marker for prenatal CNF.
Pathologie de Ia néphrose foetale congenitale: Etudes immunohistochi-
miques et ultrastructurales. Les reins de quatre foetus humains âgés de
18 a 20 semaines de gestation atteints de néphrose congénitale du type
Finlandais (CNF) ont été étudiés en immunohistochimie et microscopie
électronique pour élucider Ia physiopathologie de Ia maladie. Les
colorations immunohistochimiques pour Ia laminine, le collagene de
type IV, Ia fibronectine, les antigenes de Ia bordure en brosse (BBA), Ia
protéine de Tamm-Horsfall (TH), et Ia liaison de l'agglutinine de germe
de blé (WGA) n'ont pas révélé de modification par rapport a des reins
contrôles d'hge identique. Les tubules proximaux des reins de CNF
présentaient une accumulation excessive de larges grains d'alpha
foetoprotéine (AFP) et de larges gouttelettes d'absorption avec des
structures paracristallines et membraneuses ont été vues en microsco-
pie électronique. Les tubules dilates étaient d'origine proximale et
distale, comme le montrait les colorations des BBA et de TH. II est
suggeré que Ia formation de tubules dilates résulte de Ia dégenérescence
dUe a l'obstruction et a une surcharge protCinique excessive de l'epithé-
hum tubulaire. La demonstration de larges grains d'AFP dans I'epithé-
hum et Ia lumière tubulaire proximale indique une protéinurie foetale
importante, et sert de marqueur diagnostique supplémentaire pour Ia
CNF prenatale.
Congenital nephrosis of the Finnish type (CNF) is inherited
as an autosomal recessive trait. It is most frequently exhibited
in the Finnish population, but several cases have been reported
all over the world and in different races [1]. The disease is
manifested already in utero and prenatal diagnosis can be made
by demonstrating increased alpha-fetoprotein (AFP) in mater-
nal serum and amniotic fluid at midterm pregnancy [2]. Kidneys
of affected fetuses show discrete light and electron microscopic
changes. The foot processes of the most mature glomeruli are
lost, the mesangium contains increased matrix, and there are
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cystic dilations of tubuli containing eosinophilic colloid-like
material [2, 31.
The pathogenesis of the abnormal congenital protein passage
of the kidneys has been assumed to be due to the faulty
structure of the glomerular filtration barrier; most probably the
glomerular basement membrane (GBM) itself [1]. However,
electron microscopic studies of fetuses and infants with CNF
have revealed by and large normal GBM [4, 51. However,
morphometric measurements have shown thinner lamina densa
of the GBM in CFN than in age-matched control kidneys [5, 6].
A limited number of biochemical studies of the collagen compo-
sition of the GBM have likewise failed to show conclusive
evidence of basic abnormalities in CNF [7].
Possibilities to demonstrate various chemically defined com-
ponents of basement membranes in tissue sections have recent-
ly become available [8—il]. Similarly, various parts of the tubuli
can be characterized by immunohistochemical and lectin stain-
ings [12—14].
The present study was undertaken to elucidate the formation
and structures of the glomerular filtration barrier in CNF using
immunohistochemical methods which reveal specific chemical
components in glomeruli and tubuli. Human fetal kidneys were
used to avoid confusing secondary changes of the postnatal
CNF kidneys. Secondly, we sought new methods in the mor-
phological diagnosis of CNF in fetal kidneys.
Methods
Material. The human kidneys were obtained from fetuses
aborted by hysterotomy at 18 to 20 weeks of gestation. CNF
fetuses were cases in which the amniotic fluid had shown AFP
values over 100 zg/ml in at least two determinations. After
termination of the pregnancy, the fetuses did not show neural
tube defects nor any other macroscopic abnormality associated
with increased amniotic fluid AFP concentration. The kidneys
showed in routine pathological examination light- and electron
microscopic changes consistent with CNF [2, 3]. Four fetuses
with CNF were included in the study. The same number of
fetuses terminated because of 21-trisomy served as control
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kidneys. The kidneys were removed within 2 hr after hysteroto-
my. They were cut with a razor blade into 2 to 3 mm thick slices
containing both cortex and medulla. Several slices were frozen
in liquid nitrogen for frozen sections and other pieces were
immersed in phosphate-buffered 4% formaldehyde solution for
paraffin histology. Small pieces of cortex were chopped in a
drop of 3% cacodylate-buffered glutaraldehyde solution (pH
7.2) and fixed in the same solution for 2 hr for electron
microscopy.
Methods
Light microscopy. Paraffin sections cut at 4 m were stained
with hematoxylin and eosin, periodic acid Shiff (PAS), and
periodic acid silver methenamine (PASM).
Immunohistochemistry. Both paraffin and frozen sections
were used for immunohistochemical demonstration of various
tissue components. Paraffin sections cut at 4 m were deparaf-
finized in xylene and brought to phosphate-buffered saline
(PBS) through decreasing concentrations of ethanol. They were
incubated in 0.2% pepsin solution for 2 hr [15]. Frozen sections
were cut at 7 m and fixed in acetone for 3 mm. Thereafter,
both paraffin and frozen sections were treated similarly in
immunofluorescence and in immunoperoxidase methods.
For indirect immunofluorescence, sections were washed for
15 mm in PBS, reacted with the primary antiserum for 30 mm,
washed for 15 mm in PBS and then incubated with fluorescein
isothiocyanate (FITC)-coupled second antibodies (Cappel Lab-
oratories, Cochraneville, Pennsylvania). A fluorescence micro-
scope (Leitz Dialux 20) equipped with HBO 200 high-pressure
mercury lamp and epi-illumination with appropriate filters was
used for immunofluorescence.
For immunoperoxidase stainings the biotin-avidin kit (Vector
Laboratories, Burlingame, California) was used. The sections
were incubated for 30 mm in 0.3% H202 in methanol, washed
with PBS for 10 mm, incubated for 30 mm with the primary
antiserum, washed for 10 mm in PBS, incubated for 30 mm with
diluted biotinylated antibody, washed for 10 mm in PBS,
incubated for 60 mm with biotinylated horseradish-peroxidase-
avidin complex, washed for 10 mm in PBS, reacted with 3,3'-
diaminobenzidine-tetrahydrochloride and H202 for 5 mm,
washed for 5 mm in tap water, and mounted. Brown color
reaction was not seen when the primary antiserum was left or
when non-immune serum was used instead of the primary
antiserum.
For lectin staining, only frozen sections were used. The
samples were incubated by TRITC-coupled wheat germ aggluti-
nm (WGA) for 30 mm, washed in PBS for 15 mm, and mounted
[14]. Purified rabbit antibodies against mouse laminin, type IV
collagen, and human plasma fibronectin were those described
previously [9, 16]. They were used in immunohistology at a
1:100 dilution and were gifts from Drs. J.-M. Foidart (Universi-
ty of Liege, Liege, Belgium) and A. Vaheri (University of
Helsinki, Helsinki, Finland). The rabbit antibodies against
Tamm-Horsfall glycoprotein and brushborder antigens, gifts
from Dr. A. Miettinen (University of Helsinki), were those
previously described [12—141. The antibodies were used at a
dilution of 1:500 and 1:1000, respectively. For stainings of alfa-
fetoprotein, commercial antibodies at a dilution of 1:250 were
used (Daco Immunoglobulins, Denmark).
Electron microscopy. Glutaraldehyde-fixed pieces were proc-
essed for electron microscopy using conventional methods.
Fig. 1. The histological section ofan 18-week-old embryonic kidney with
congenital nephrosis. The section shows some microcysts (C) located
in the cortex and medulla. Most of the nephrons are morphologically
normal. (Hematoxylin-eosin, x40)
Mature glomeruli and proximal tubules were located micro-
scopically from semithin (1 m) sections before cutting the thin
sections. The thin sections were contrasted with uranyl acetate
and lead citrate prior to subjecting them to transmission elec-
tron microscopy.
Results
Histology. All CNF kidneys showed dilated microcysts filled
by eosinophilic colloid material as previously described [3] (Fig.
1). The colloid was negative or weakly positive in PAS. The
proximal tubuli of the most mature nephrons showed more
numerous coarse PAS positive granules than found in control
nephrons. Otherwise, the CNF kidneys did not differ from
control kidneys in histology.
Immunohistochemistry
Glomeruli. Antibodies against collagen type IV, laminin, and
fibronectin gave a continuous linear staining of GBM. The
mesangial area of the glomeruli was also stained with these
antibodies (Fig. 2A, B, and C). The staining pattern was the
same both with frozen and paraffin sections, and it was not
dependent on the immunohistochemical staining method. There
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Fig. 2. immunohistological and lectin stainings of 20-week-old embryonic kidneys with congenital nephrosis. A in the glomerulus (G), type iV
collagen is expressed in the GBM and mesangium. At an earlier, S-shaped phase (5) type IV collagen was expressed continuously in the basement
membranes of the S-body. The lower crevice will form the glomerular cup. The micrograph is a biotin-avidin indirect immunoperoxidase of a
paraffin section, (x600) B Similarly, laminin is expressed both in the GBM and mesangium. In this section, a glomerulus opens into a microcyst
(C). The micrograph is a biotin-avidin indirect immunoperoxidase of a paraffin section. (X600) C Fibronectin is seen in the GBM, the mesangium,
and the interstitium. This is an indirect immunofluorescence of a frozen section. (x 600) D Wheat germ agglutinin binds to the podocytes indicating
the presence of the polyanionic coat of the glomerulus. The micrograph is a rhodamine-conjugated lectin staining of a frozen section. (x 650)
were no detectable differences between the CNF kidneys and
control kidneys. The polyanionic coat as demonstrated by the
WGA lectin was also similar in nephrotic and the control
kidneys (Fig. 2D).
Nephric tubules. Antibodies against brushborder antigen
(BBA) and Tamm-Horsfall glycoprotein (TH) stained proximal
and distal nephric tubules, respectively. In morphologically
normal tubules no difference between CNF and control kidneys
was detected. Both BBA and TH was found in the epithelium of
the microcysts, but they were seen in separate cysts (Fig. 3A
and B). This indicates that cysts were formed both from
proximal and distal tubules. The cysts contained some TH but
no BBA. The basement membranes of the tubuli in the CNF
kidneys were positive for laminin and type IV collagen, and the
pattern was similar to that seen in control kidneys.
Staining of AFP showed strong, coarsely granular fluores-
cence in the cytoplasm of the proximal tubules of the CNF
kidneys (Fig. 4A). AFP was also found in the lumen of the
proximal tubules of the same kidneys (Fig. 4B). In the control
kidneys there was no staining for AFP in the tubular lumina and
only few small granules in the epithelium of the proximal
tubules (Fig. 4C). For the demonstration of APP only the frozen
sections gave reliable results. Paraffin sections, with and with-
out pepsin pretreatment, gave background and only a weak
specific staining as compared to the frozen sections.
Electron microscopy. The mature glomeruli, located deeply
in the cortex showed extensive, but not complete, loss of foot
processes as has been describd previously [21. The foot pro-
cesses in the control glomeruli were well preserved.
The apical epithelium of the proximal tubules contained
numerous electron dense polymorphic absorption droplets,
some of which were as much as 3 m in diameter. Many
absorption droplets showed paracrystalline and membraneous
structures (Fig. 5). In control kidneys the absorption droplets
I 
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Fig. 3. Immunohistological characterization of cells lining the microcysts of congenital nephrosis kidneys of a 19-week-old embryo. A Some of the
cysts (C) are lined by cells expressing the brushborder antigens of the proximal tubules. Note the absence of staining within the lumen of the cyst.
(x600) B Other cysts (C) are lined by cells expressing the Tamm-Horsfall glycoprotein, specifically found in distal tubules. Tamm-Horsfall
glycoprotein is seen also within the lumen of the cyst. The micrograph is an indirect immunofluorescence of frozen sections. (x 600)
Fig. 4. AFP in CNF and normal kidneys of an 18-week-old embryo. A In CNF the proximal tubules are heavily loaded by coarse granules of AFP.(x900) B Large amounts of AFP are seen in the microcysts of CNF kidneys. (X 160) C In normal kidneys of the same age only few small granules of
AFP are seen in the proximal tubules. The micrograph is an indirect immunofluorescence of frozen sections. (x 160)
were also numerous, but they were round, small (0.5 to 1.0 xm Discussion
in diameter), and did not show crystalline or membraneous In the congenital nephrotic syndrome of the Finnish type, a
structures. heavy proteinuria occurs at early stages, apparently as a result
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Fig. S. Electron micrograph of a proximal tubule showing abundant polymorphic electron dense absorption droplets. The inset shows a higher
magnification of the absorption droplets with paracrystalline and membranous structures. (x5500, Inset, x66,000)
of a functional defect in the filtering barrier of the glomeruli. We
have here followed the fate of a major fetal serum protein, AFP,
in CNF-affected kidneys and studied the composition of the
GBM. This was done in immunohistology using well-defined
antibodies against AFP and certain basement membrane com-
ponents. We show that AFP accumulated in the cytoplasm of
proximal tubuli as large granules. This pattern can be used as a
morphological aid in the diagnosis of CNF. We failed, however,
to detect any abnormalities in the GBM which would explain its
leakiness.
Our results indicate that the major fetal serum protein, AFP,
accumulates in the cytoplasm of the proximal tubules as large
granules. The loading of the absorptive epithelium is probably
secondary to the abundant protein passage through the glomer-
uli rather than a primary defect. However, demonstration of the
AFP as coarse granules in the proximal tubules serves as an
additional marker for the heavy proteinuria in fetuses suspected
to have CNF. Frozen sections must be used to demonstrate the
AFP granules. Hence, it seems that the AFP which has been
transported and absorbed is antigenically less stable than that
found in the various tumors where it can be demonstrated also
in paraffin sections [15].
Crystal and membrane formations in the absorption droplets
presumably reflect exhaustion of the clearing mechanisms of
the tubuli. The excessive deposition of AFP and the size of the
granules found were impressive. We therefore feel tempted to
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speculate that the pathogenesis of the dilated tubuli in the fetal
and postnatal CNF kidneys could be due to a degeneration of
the tubuli secondary to the excessive protein absorption from
the lumen and to the presence of APP-containing casts within
the lumen. No other morphological or histochemical features
which could explain the fetal cysts were found. The basement
membranes of the tubuli were normal, as judged by electron
microscopy and staining for laminin, type IV collagen, and
fibronectin. Massive proteinuria in CNF is most likely due to
the defective glomerular filtration barrier. Apart from the
unspecific epithelial cytoplasmic alterations associated with
proteinuria, electron microscopic studies, to our knowledge,
have failed to demonstrate major changes in the GBM [4, 5].
Previously, the normal development of the GBM in mouse
embryos has been characterized by specific antibodies related
to the major constituents of the GBM [18—20]. Biochemical
studies indicate a decrease of collagen specific amino acids in
the GBM of CNF [7]. Recently, an increase of 7S collagen and
the ratio of type IV collagen to the laminin in renal cortex of
CNF was reported [21]. It was therefore considered likely that
some changes in the distribution of GBM components would be
detected in the CNF kidneys. Staining for laminin, type IV
collagen and fibronectin did not, however, reveal any detect-
able differences between CNF glomeruli and control kidneys.
These proteins are major constituents of the GBM and the
mesangium. It is apparent from the present study that there are
no major alterations in the expression of these GBM compo-
nents in CNF. Several explanations may be offered for the
inconsistencies between the biochemical and the present immu-
nohistochemical results. Biochemical results do not separate
GBM from other basement membranes, for example, those of
the tubules, and the disease may be local. An increase of
mesangial matrix with age characterizes the glomeruli of CNF
[22]. Strong staining of both collagen type IV and laminin was
found in the glomerular mesangium. Whether the abundant
mesangial matrix is due to increased turnover of the GBM or
synthesis of the basement membrane components is presently
not known.
The abnormalities in the polyanionic coat of the glomerular
capillary filter is another candidate for the increased permeabili-
ty for the polyanionic proteins such as albumin and AFP [23].
The present results with WGA-lectin staining did not detect any
abnormality at this level either.
The primary defect in the CNF is likely to be found in the
GBM [1—3], which is the primary filtration barrier [23—25]. It
seems likely that the disease will be better understood by
detailed analyses of the composition of the GBM with the use of
probes that are specific for components of the GBM. Although
laminin, fibronectin and type IV collagen, major constituents of
the GBM, are expressed normally in immunohistology, we
cannot exclude that more minor alterations in the synthesis or
composition of the proteins studied here could be present in
CNF glomeruli. However, the defect may be caused by alter-
ations in other components such as the proteoglycans and their
glycosaminoglycans [26—32].
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